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INTR0l?UGTION 


Two  profiles  have  been  ocoupied  in  the  program  (Project  VT/078) 

Of  relating  seismic  noise  and  signals  to  geology  and  topography. 

The  California  profile  has  been  completed,  work  on  ^he  Pacific 
Northwest  has  been  started.  Although  both  these  profiles  are  Sim's 
ilarly  oriented  relative  to  the  Pacific  ocean,  there  is  marked 
contrast  in  the  geologic  aspects.  The  California  profile  extends 
from  the  coast  range  across  the  central  valley  into  the  ridge  and 
valley  province  of  the  Great  Basin.  The  Pacific  Northwest  Profile 
extends  from  the  Pacific  Coast  near  Grays  Harbor  across  the  Puget 
Sound  Trough,  the  volcanic  and  batholithic  core  of  the  Cascades  into 
\he  thick  basalts  of  the  Columbia  Basin,  it  terminates  on  granite 
the  Blue  Mountains  of  northeastern  Oregon. 

^The  method  of  establishing  noise  levels  and  relative  signal  re^ 
sponse  of  the  various  sites  occupied  (10  in  California)  consists  of 
using  two  essentially  identical  tripartite  seismic  recording  systems, 
one  fixed  and  one  which  is  relocated  about  once  a  month.  The  fixed 
station  is  the  ^M^aster  and  the  relocated  station  is  the/8'lave.  The 
triangular  array  of  short  period  seismometers  at  the  slave  station  is 
expanded  at  one  week  intervals  from  k  mile  from  a  central  point  by  ^ 
mile  intervals  to  a  total  central  distance  of  one  mile.  The  results 


are  simultaneously  recorded  on  film  and  magnetic  tape  and  brought  to 
an  analysis  office  for  processing. 


Because  of  the  large  amount  of  dl^a  obtained  and  the  relative 
rapidity  of  machine  methods,  it  was  early  decided  that  machine  methods 
be  used.  This  results  in  establishing  an  average  noise  level  of  a 
site/  rather  than  the  peak  level  of  noise  as  is  commonly  obtained  by 
visual  methods.  The  machine  output  is  average  peak  squared  of  the 
noise*  One  of  the  reasons  for  using  this  function  of  the  noise  is 
the  large  body  of  statistical  communication  theory  literature  which  is 
developed  in  this  format. 


The  wave  analyzer  used  is  essentially  a  device  which  looks  at  a 
noise  sample  with  a  very  narrow  (nominally  2  cps  wide)  filter  which  is 
swept  across  the  sample*  The  values  obtained  from  the  system  are  the 
coefficients  of  the  Fourier  e}q>ansiQn  of  the  sample*  defining  the  am'** 
plitude  of  each  component  part  of  the  complex  wave  form. 
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Analysis  work  is  Oontinuing  on  the  data  from  the  Galifornia  profile. 
A  station  factor  has  heen  defined  which  represents  the  ratio  of  the 
average  signal  to  noise  ratios  of  the  sites.  This  factor  varies  from 
0.37  to  1.4  and  can  he  thought  of  as  a  measure  of  the  relative  capahil- 
ity  of  a  station  to  detect  seismic  signals  relative  to  the  Master 
Station  on  granite  in  the  Sierra  Nevada.  The  stations  in  the  Sierra 
Nevada  and  east  had  a  factor  between  1.0  and  1.4,  those  in  the  San 
Joaquin  valley  and  west  were  less  than  1.0.  One  example  of  this  data 
is  the  station  in  Death  valley,  where  although  the  noise  level  was 
high  the  signal  level  was  also  high  and  the  station  factor  was  1.3. 

Data  from  the  Washington  profile  is  limited  since  work  began  in 
Washington  in  November,  preliminary  indications  are  that  the  noise 
level  is  the  same  order  of  magnitude  as  in  California. 


Work  is  continuing  along  the  profile  in  the  Pacific  Northwest. 

The  analysis  group  is  presently  located  in  Pasadena,  The  work  in  the 
pacific  Northwest  is  scheduled  for  completion  in  June,  prior  to  which 
time  a  third  profile  will  be  selected. 
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G a 1 i f o r n ia  P r o file 


field  work  Was  Gompleted  on  the  California  profile  on  10 
November  1961.  At  that  time  the  Master  and  Slave  field  reoordinf 
systems  were  moved  to  the  PaoifiG  Northwest.  They  were  baek  in 
operation  south  of  Yakima ,  Washington  on  27  Novenber  1961. 

1^1  Geoloavi^and^_TOiPOLqr_aphv  of  _the  California  Profile 


Figure  1.1  is  a  regional  teGtonio  map  of  the  western 
united  states  adapted  from  P.  S.  King^.  The  California  Profile 
is  located  a  short  dlstanGe  (about  50  kilometers)  north  of  the 
east-west  interruption  of  the  trend  of  aGidio-plutoniG  rooks  which 
appears  to  be  associated  with  the  Murray  fracture  zone,  which 
extends  at  least  1500  kilometers  across  the  Pacific.  The  general 
trend  of  tectonic  belts  in  far  western  North  America,  is  parallel 
to  the  Pacific  shoreline;  the  California  profile  is  located  far 
enough  north  of  the  Murray  fracture  zone  to  Gross  the  tectonic 
belts  where  they  are  essentially  parallel  to  the  Pacific  shoreline. 


There  are  from  west  to  east,  the  coast  range  province 
of  complexly  folded  and  faulted  Cretaceous  and  Tertiary  rocks, 
the  deep  asymmetric  Tertiary  basin  of  the  San  Joaquin  Valley, 
the  Sierra  Nevada  intrusive >  the  complex  horst  and  graben  struct¬ 
ural  and  topographic  province  which  includes  (VenS,  Panamint  and 
Death  Valleys.  The  eastern  part  of  the  profile  includes  the 
western  part  of  the  Great  Basin  area,  which  lies  mainly  in  Nevada. 
Slave  Station  locations  were  selected  to  occupy  at  least  one 
location  in  each  of  those  tectonic  belts. 


Figures  1.2  and  1.3  illustrate  in  the  form  of  a  map  and 
geologic  crosS  section  the  location,  topography  and  geologic 
environment  of  each  of  the  Slave  Station  Sites  along  the  California 
profile. 


1.2  Geology  and  Topography  of  the  Huasna  River  and  Carrizo 
Slave  Station  Sites _ . 


These  two  Slave  Station  sites  are  located  in  the 
Coast  Range  province  of  California  and  north  of  the  transverse 
range  province.  The  Gar lock  and  Big  Pine  Fault  (see  Figure  2.2) , 
mark  the  northern  boundary  of  the  transverse  range  province. 

The  Coast  Range  province  may  be  subdivided  into  the 
Salinas -Cuyama  Basin,  the  portion  we^t  of  the  Naciemiento  Fault, 
and  the  portions  of  the  Temblor  range  east  of  the  San  Andreas 


1.  King,  P.  B.  -  The  Evolution  of  North  America,  Princeton 

University  Press,  1959 
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Faults  The  Carfizo  site  is  located  in  the  Salinas-Cuyama  basin 
and  the  Huasna  River  site  is  near  the  Suey  Fault  about  halfway 
between  the  coast  and  the  Nacimiento  Fault. 

Topographically,  the  coast  Range  is  a  series  of  sharply 
divided  ridges  and  valleys  with  an  average  elevation  difference 
of  about  &0d  meters  4  These  ridges  and  valleys  are  generally  an 
echelon  (see  for  example,  the  relation  of  cuyama  valley  and  the 
Carrizo  plain  as  shown  on  Figure  2.2). 

in  addition  to  the  major  right-lateral  strike  slip 
faults  which  trend  northwesterly  parallel  to  the  topographic 
trends,  there  are  a  number  of  normal  and  reverse  faults.  The 
cuyama  valley  oil  field,  where  quite  close  control  is  available, 
illustrates  the  complex  local  geology  of  the  Coast  Range. 

There  is  a  good  discussion  of  the  general  area  of  the 
Carrizo  and  Huasna  River  slave  station  sites  in  Habitat  of  oil^. 
This  reference  is  the  principal  source  material  for  the  previous 
discussion. 

Figures  1.4  and  1.5  are  photographs  of  the  Huasna  River 
Slave  Station  site  which  illustrate  the  topography.  Figure  1.6 
illustrates  the  complex  geology  of  the  area.  There  are  several 
ridges  Such  as  that  illustrated  in  Figure  1.6  in  the  area,  which 
indicate  the  presence  of  forces  to  produce  normal,  reverse  and 
lateral  faulting. 

Figures  1.7  and  1.8  are  photographs  of  the  Carrizo 
Slave  Station  Site.  This  area  is  somewhat  more  arid  than  the 
Huasna  River  location. 

Figure  1.9  is  a  photograph  of  a  recent  fault  trace  which 
occurs  in  the  zone  east  of  the  Carrizo  site  where  the  San  Andreas 
rift  cuts  through  the  Temblor  Range. 

1.3  Geology  and  Topography  of  the  Blk  Hills  and  Mannot 

Creek  Locations. 

Two  slave  station  locations  occur  in  the  San  Joaquin 
Valley,  the  northwesterly  trending  valley  which  divides  the  Coast 
Range  and  the  Sierra  Nevada.  The  Blk  Hills  site  is  on  the  south- 


1.  Habitat  of  oil  ■»  Geologic  Environment  of  Cuyama  Valley  Oil 

Fields,  California,  by  Schwade>  Carlson 
and  o'Flynn  -  American  Association  of 
Petroleum  Geologists,  1958  pgs.  78^98 
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Figure  1.4  Huasha  River  Slave  Station  site.  The  ridges  oh  the 
horizon  appear  to  be  fault  soarps. 


Figure  1.5  Detail  photograph  of  the  Huaana  River  site.  Dense 
stands  of  sorub  oak  occur  in  the  valleys. 
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Figure  1.7  Garrizo  Slave  Station  site.  The  NaGimiento  fault,  a 
major  right^lateral  fault,  is  parallel  to  the  ridge 
on  the  horizon  and  the  slope  opposite  this  photograph. 


iv-'' 


Figure  1.8  Garrizo  Slave  Station  site.  There  is  a  fault  scarp 
at  the  apex  of  the  first  hill  in  the  center  of  the 
photograph. 
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Figure  1.9  Fault  trace  of  a  segment  of  the  San  Andreas  rift  in 
the  TemblGr  Range  20  kilometers  northeast  of  the 
carrizo  slave  station. 
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of  the  valley  and  the  Mannot  Creek  site  on  the  north* 
j logically,  the  San  Joaquin  is  a  wedge  of  Tertiary 
rook  (principally  sand  and  shale)  which  thickens 
linearly  from  zero  to  about  8000  meters „  The 
portion  is  northeast  of  the  Temblor  Range  on  the  south* 
west  side  of  the  valley.  Topographically,  the  valley  is 
lying,  except  near  its  margins,  where  foothills  occur. 


The  Elk  Hills  Slave  Station  is  located  north  of  the 
Elk  Hills  which  is  topographic  and  structural  anticline  in  the 
Tertiary  sediments  of  the  valley.  Estimated  depth  to  granite  is 
7100  meters.  This  estimate  was  obtained  from  one  of  the  oil 
companies  operating  in  the  San  Joaquin  valley  and  is  considered 
reliable.  At  the  Mannot  creek  location,  depth  to  granite  is 
about  900  meters. 


Figures  1.10,  1.11  and  1.12  are  photographs  of  the  Elk 
Hills  and  Mannot  Creek  Slave  Station  sites. 

1.4  Geology  and  Topography  of  the  Stations  in  the  Sierra 

Nevada. _  _  _ _  _ 

Three  stations  were  located  in  the  Sierra  Nevada,  which 
is  a  major  granite  intrusive.  This  intrusion  occurred  during 
Jurassic  time  and  is  the  source  of  the  Tertiary  sediments  in  the 
San  Joaquin  and  Sacramento  Valleys.  The  Sierra  Nevada  extends 
from  the  latitude  of  Bakersfield  nearly  to  the  northern  boundary 
of  California.  Two  stations  were  located  near  the  western  edge 
of  the  uplift  at  elevations  of  about  900  meters  and  one  is  in 
the  central  part  of  the  uplift  at  about  2700  meters.  These  are 
Round  Mountain,  cedar  Creek  and  High  Sierra  respectively.  The 
station  at  Round  Mountain  was  the  Master  station, remaining  fixed 
in  location  from  March  through  NoveitOaer  1961.  The  topography  is 
gently  rolling  hills.  The  surface  rock  is  weathered  granite. 

At  the  Master  Station  it  was  possible  to  dig  through  the  weathered 
layer  about  a  meter  to  hard  granite.  There  is  some  Quarternary 
sedimentation  in  creek  valleys. 

Figures  1.13  and  1.14  are  photographs  of  the  recording 
equipment  at  the  Master  Station  and  at  Cedar  Creek  about  5 
kilometers  northeast. 


The  High  Sierra  Station  was  occupied  to  determine  the 
effect  of  elevation  on  seismic  noise  level.  Because  of  various 
factors,  the  attempt  failed.  Firstly,  the  local  effect  of  a 
filled  lake  caused  very  high  noise  levels,  secondly,  it  was 
necessary  to  abandon  the  site  because  of  danger  to  equipment  and 
personnel  from  lightning.  Some  data  was  obtained  and  will  be 
discussed  in  a  later  section  of  this  report.  Figure  1.15  is  a 
photograph  of  the  High  Sierra  site. 
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Figure  1.10  Elk  Hills  Slave  Station  Site  looking  South  towards 
the  elk  Hills. 


i 

f 


Figure  1.11  Elk  Hills  Slave  Station  site  from  the  Elk  Hills. 

The  approximate  center  of  the  area  occupied  is 
marked  with  an  X. 
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Figure  1.12  Mannot  Creek  Slave  Station.  This  photograph 
illustrates  the  rolling  topography  of  the 
Sierra  foothills.  Depth  to  granite  is  about 
900  meters^ 
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Figure  1.13  Master  and  Slave  ReGording  Systems  at  Round  Mountain 
during  initial  cheGk'>^out. 


Figure  1.14  Cedar  Creek  Slave  Station.  The  Cedar  Creek  and  Round 
Mountain  sites  are  5  kilometers  apart* 
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Figure  1.1$  High  Sierra  Slave  Statipn.  The  foreground  is  a 

meadow, apparently  a  lake  filled  during  recent  times. 
The  trees  are  growing  on  a  granite  outGrop.  The 
noise  level  of  seismometers  planted  in  the  filled 
lake  was  about  100  times  higher  than  noise  on  the 
granite  at  the  edge.  The  filled  lake  apparently 
acts  as  a  gelatinous  material. 
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li5  Geology  and  tot^raphv  of  the  Slave  Sfeafeion  Mte. 

West  of  the  Sierra  Nevada,  the  detail  geology  is  some-^ 
what  less  well  known  than  in  the  San  Joaquin  valley.  However, 
heoause  of  desert  conditions,  outcrops  are  well  exposed  and  the 
principal  features  of  the  geology  are  known. 

^e  fiarwin  Slave  Station  site  is  in  a  topographic 
saddle  between  the  inyo  Mountains  and  Argus  Range  east  of  dwens 
Valley.  The  principal  rocks  in  the  inyo  Mountains  and  Argus 
Range  are  Jurassic  granite  which  form  an  uplift  axis  parallel 
to  the  Sierra  Nevada.  Owens  valley,  which  separates  the 
parallel  uplifts,  is  a  graben.  itane  and  Pakisor^  have  con^^ 
eluded  that  the  valley  fill  (principally  Tertiary  rocks)  vary 
from  300  to  1500  meters  and  that  the  margins  of  the  valley  are 
steeply  dipping  faults. 

Locally,  the  Darwin  site  is  a  north»south  trending 
valley  with  a  thin  layer  of  Quaternary  sediments .  The  east 
side  of  the  valley  is  Pennsylvanian  limestone  and  the  west  side 
is  Quarternary  volcanics.  The  Darwin  Tear  Fault  crosses  the 
array  about  0.3  kilometer  north  of  the  center.  There  are  in¬ 
active  copper  mines  in  the  Pennsylvanian  rocks  east  of  the  site. 

Figure  1.16  is  a  photograph  of  the  Darwin  Slave  Station 

site. 

1.6  Geology  and  Topography  of  the  Panamint  and  Death 

Valiev  Slave  Station  Sites. _  _ 

Northeasterly  from  the  Darwin  Slave  Station*  the 
profile  along  which  the  slave  stations  are  located  crosses 
Panamint  Valley,  the  Panamint  Mountains  and  Death  Valley.  The 
Panamint  Station  is  near  the  apex  of  the  Panamint  Mountains. 

The  Death  Valley  station  is  on  the  floor  of  Death  Valley  on  the 
west  side.  These  two  stations  thus  occupy  sites  on  the  up  and 
down  thrown  sides  of  the  major  down  to  the  northeast  fault,  the 
scarp  of  which  forms  the  northeast  face  of  the  Panamints.  This 
fault  scarp  is  about  1500  meters.  The  core  of  the  Panamints  is 
a  granitic  intrusive  with  a  cap  of  older  Paleozoic  sediments. 
Death  Valley  is  a  fill  of  Tertiary  and  recent  sedimentation  to 
a  depth  of  about  2000  meters  (P.  B.  King  op.cit.  pg  157).  The 
net  vertical  displacement  of  the  Death  Valley  Fault  is  thus 
about  3500  meters. 


1.  M.  F.  Kane  and  L.  c.  Pakiser  «  Geophysical  Study  of  Sub¬ 
surface  Structure  in  Southern  Owens  Valley, 
California  -  Geophysics  Vol.  XJ^I,  pgs  12-26. 
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In  detail,  the  Paivamint  site  is  a  fens  ter  which  ex¬ 
poses  granite,  the  upper  plate  is  carnhrian  lintestone.  There 
is  a  veneer  of  Quaternary  alluviuin  in  the  valley  in  which  the 
array  center  is  located. 

The  Death  valley  site  is  located  partially  on  the 
valley  floor,  which  is  silt  and  salt  and  partially  on  an 
alluvial  from  the  Panamint  Mountains.  The  alluvial  fan  is 
a  poorly  consolidated  conglomerate. 

Figures  1.17  and  1.18  are  photographs  of  the  Panamint 
and  Death  Valley  slave  Stations. 
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Figure  1.18  Death  Valley.  This  photograph  is  of  the  Panamints  and 
north  portion  of  the  valley. 


United  ElectnoD^^namice.  Inc. 


^ASAOCMA  CALirOIIMf* 


0) 

n 

0) 

0) 

§ 


e 

0 

•H 

■P  • 

nS  10 


•P 

u) 

v 

> 

10 


H  M 
Vi  -P 


4J 

c 

g 


to  0) 
e:  c: 


10 


(U 

u 

3 

O' 

•H 


United  ElectnoOvnamice.  Inc. 


^ASAOCNA  CALirOltMIA 


2.  Wafthina tQfl  Pro  f i le 

Bu£in§  October  1961,  as  the  Work  in  Galifornia  neared  com¬ 
pletion,  it  was  proposed  to  occult  a  profile  in  the  Pacific 
Northwest  as  the  seGond  major  work  area^  i^s  is  part  of  the 
program  as  originally  proposed,  namely;  that  various  sites  in 
the  continental  united  states  be  occupied  to  determine  the 
relation  of  seismic  noise  to  geology  and  topography.  (Ref.  1). 

A  letter  was  written  on  17  October  1961  (Ref.  21),  requesting 
permission  to  occupy  a  profile  line  extending  from  Gray's  Harbor 
on  the  Pacific  coast  of  Washington  southeasterly  to  the  Blue 
Mountains  in  northeastern  Oregon.  Permission  was  granted  25 
October  1961.  (Ref.  23). 

2.1  General„Geoloav,  of  the  Pacif ic^Northwes t . 

Figure  2.1  illustrates  the  relation  of  both  the  Califs 
ornia  and  Pacific  Northwest  profiles  to  the  regional  geology  at 
western  North  America.  The  Pacific  Northwest  profile  extends 
from  the  Tertiary  sediments  across  the  Puget  Sound-Willamette 
trough,  through  the  Cascade  Mts.  south  of  Mt.  Ranier,  and  across 
the  Columbia  basaltic  plateau  into  the  granite  outcrop  area  in 
the  Blut  Mountains.  Figure  2.1  is  adapted  from  P^  B.  King^  and 
illustrates  the  relation  and  marked  difference  between  the 
geology  in  California  and  Pacific  Northwest  profile.  Figure  2.2 
is  a  more  dletaiied  geologic  map  of  the  northwest  which  illus¬ 
trates  the  interpreted  re-entrant  in  the  Nevadan  erogenic  belt. 
This  figure  is  also  adapted  from  Xing  (op.cit).  From  both  a 
topographic  and  geologic  aspect,  the  most  striking  phenomena  in 
the  northwest  is  the  line  of  recently  active  volcanic  peaks  about 
150  kilometers  from  the  coast  line  and  eleven  to  twelve  hundred 
kilometers  in  a  north-south  extent*  It  is  interesting  to  note 
that  this  volcanic  trend  crosses  the  Nevadan  orogenic  belt  and 
thus  has  a  distinctly  different  set  of  geologic  forces  as  its 
origin* 

In  an  earlier  report  (Ref*  24),  the  controversy  concern¬ 
ing  the  origin  of  the  northwest  volcanic  province  was  briefly 
discussed*  From  all  that  can  be  determined,  the  concept  of  an 
off-shore  volcanic  archipeligo  seems  to  be  unnecessary  mechanism* 
Also,  there  is  no  residual  evidence  in  sea  floor  topography  of 


1.  Xing,  P*  B*  -  The  Evolution  of  North  America  -  Princeton 

University  Press,  1959 
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itis  existenGe^  From  the  point  of  view  of  this  work,  the  present 
land-form  situation  is  of  greater  interests 

In  Gontrast  to  California  where  considerable  is  ioiown 
conGerning  the  geology  from  Gommercial  oil  and  gas  development, 
the  results  of  oil  and  gas  drilling  in  Washington  are  quite 
limited*  A  number  of  shallow  (less  than  300  meters)  wells  have 
been  drilled.  These,  although  widespread,  are  so  poorly  logged 
as  to  be  nearly  unuseable  for  geologic  control. 

From  west  to  east  the  Pacific  Northwest  can  be  divided 
into  geomorphological  provinces  which,  from  a  seismic  noise  study 
aspect.  Seem  to  be  significant.  These  provinces  are  illustrated 
in  Figure  2.3  in  the  form  of  a  diagrammatic  cross  section, because 
of  lack  of  well  control  depths  as  shown  are  questionable. 

Preliminary  locations  have  been  made  to  occupy  each  of 
these  provinces  with  a  slave  station  location.  They  are  from 
west  to  east  (see  Figure  2.3) i  the  costal  Tertiary  province,  the 
Puget  Sound-Willamette  trough,  which  is  both  a  structural  and 
topographic  trough  and  the  axis  line  of  late  Tertiary  and  Qua* 
ternary  volcanism  illustrated  in  Figure  2.2  The  tentative  slave 
Station  locations  in  the  Cascade  Mountains  and  west  have  been 
located  only  by  map  study.  The  stations  east  of  the  Cascades 
have  been  visited  On  the  ground  and  permission  obtained  for  their 
occupancy.  From  the  Cascades  east  the  Slave  Station  Sites  are  on 
the  east  Slope  of  the  mountains,  near  the  axis  of  the  basin  east 
of  the  mountains,  in  the  Blue  Mountains  where  the  granite  is 
several  thousand  feet  below  in  the  surface,  and  in  the  eastern 
Blue  Mountains  on  a  granite  outcrop. 

2.2  Detail  Geology  and  Topography  of  Master  Station  Site 

East  of  tl^  Cascades . 


The  Master  station  is  located  73  kilometers  nearly  due 
east  of  Mt.  Adams  (3750  meters -elevation) ,  one  of  the  major 
volcanic  peaks  of  the  Cascades.  This  places  the  station  on  the 
topographic  east  slope  of  the  mountains  and  about  65  kilometers 
west  of  the  topographic  axis  of  the  Colunibia  River  Basin.  The 
station  is  located  on  an  east-west  trending  ridge,  one  of  several 
that  cross  central  Washington.  These  ridges  have  steep  to  over¬ 
turned  north  flanks  and  relatively  gentle  dipping  south  flanks. 
There  is  some  faulting  along  the  north  flanks.  Dips  are  defined 
in  successive  layers  of  basalt.  Several  wells  have  been  drilled 
near  the  axis  of  these  folds  in  an  effort  to  penetrate  the  pre¬ 
sumed  underlying  Tertiary  sedimentary  sequence.  One  such  test 
located  in  the  Rattiesnake  Hills  85  kilometers  northeast  of  the 
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Station  was  abandoned  in  basaltic  tock  at  3250  meters. 
Figure  2i4  illustrates  the  loGation  of  several  of  these  ridges 
and  the  course  of  the  colunibia  River  during  recent  geologic  time. 
A  recent  publication  of  the  Washington  state  Division  of  Mines 
by  J.  Hoover  Mackin^  is  of  interest.  Of  particular  relevance  is 
his  description  of  methods  of  identification  of  particular  basal¬ 
tic  flows.  From  his  description^  each  of  the  flows  has  upon 
careful  examination,  a  distinctive  pattern  which  can  be  identi¬ 
fied  over  Considerable  distance.  This  publication  is  also  of 
interest  from  the  aspect  of  the  geologic  methods  used  in  a  lava 
flow  area.  Figures  2.4  and  2.5  are  photographs  which  illustrate 
the  rolling  topography  of  Toppenish  Ridge  near  the  Master  station 
These  photographs  were  taken  in  late  November  during  the  initial 
test  period  at  the  Master  station.  This  location  is  about  8 
kilometers  south  of  the  steep  north  flank  of  the  Toppenish  Ridge. 

one  of  the  features  of  the  Master  Station  is  elongate 
east-west  trending  captive  dunes  of  loess  soil,  liocations  were 
made  on  hard  basaltic  rock  without  resorting  to  blasting  to  ob¬ 
tain  a  pit  for  the  seismometers  by  making  the  locations  fall  on 
one  of  these  dunes.  They  are  two  to  three  feet  above  hard  rock 
level,  the  right  distance  for  the  seismometer  pits.  Figvire  2.6 
is  a  photograph  of  one  of  the  dunes.  The  surface  is  rough  with 
occasional  lava  boulders*  The  sage  brush  is  sparse  and  attains 
a  maximum  height  of  about  0.5  meters.  Figure  2.7  is  a  photograph 
of  rigging-up  operations  at  the  Master  Station  array  center. 

2.3  Geology  and  Topography  of  the  Mabton  Site. 

Following  a  preliminary  Checkout  period  when  both  the 
Master  and  Slave  instrumentation  systems  occupied  the  Toppenish 
Ridge  Site,  the  Slave  station  was  moved  19.5  kilometers  S  75^E 
to  the  Mabton  Site*  Occupancy  at  this  Site  began  4  December  and 
was  completed  23  Decendjer.  Total  recording  time  was  about  210 
hours . 

The  Mabton  Site  is  located  on  the  steep  north  side  of 
the  Horse  Heaven  Hills.  These  hills  are  an  approximate  east 
trending  ridge  with  steep  north  slope  and  gentle  south  slope 
which  are  described  in  Section  2*1*  The  center  of  the  Mabton 
Site  is  about  6  kilometers  north  of  the  apex  of  the  ridge. 


1.  Mackin,  J.  Hoover  -  A  Stratigraphic  Section  in  Yakima  Basalt 

and  the  Ellensburg  Formation  in  South- 
Central  Washington  -  Washington  Division 
of  Mines  and  Geology >  1961 


United  ElectnoOvnamics.  Inc. 


8 


SASaOCWA  C*l.trOI»f«|A 


Figure  2.4 


Figure  2.5 


topography  near  the  Master  station  at  Toppenlsh  Ridge. 


iK^klng  north  froin  the  Master  Station.  The  hill  in 
the  background  Is  the  apex  of  Toppenlsh  Ridge.  The 
north  slope  of  this  hill  Is  relatively  steep. 
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Figure  2.6  Captive  easterly  trending  "dune^  of  loess  soil  near 
the  Master  station,  ^e  rock  is  barren  lava  between 
the  "dunes" *  There  was  snow  on  the  ground  when  this 
photograph  was  taken. 
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Figure  2.7 


Rigging«>up  operations  at  the  array  center  of  the 
Master  Station.  The  ridge  of  loess  allowed  buried 
seismometar  locations  without  blasting. 


A  G&nglditierate  is  exposed  in  the  Ganyons  near  this  site, 
have  been  interpreted  as  originating  from  the  PlioGene 
Ghannel  of  the  colunbia  River  (see  Figure  2.4)^  Figure  2.8  is  a 
photograph  of  the  Mabton  site. 

^e  basalt  is  probably  at  least  3000  meters  thiGk  at 
this  point. 

2i4  Geology  and  topography  of  the  Paterson  Slave  station 

Site. 

the  Paterson  Slave  Station  site  is  lOGated  on  the  south 
flank  of  the  Horse  Heaven  Hills  (see  Figure  2.4) .  this  station 
with  Mabton  and  toppenish  Ridge  are  loGated  to  ooGUpy  the  south 
slope,  the  Steep  north  flank  and  the  apex  respectively  of  the  east¬ 
erly  trending  ridge  topography  of  south-eentral  Washington. 

OcGupany  of  this  station  is  scheduled  to  begin  2  January, 
with  actual  recording  beginning  8  January. 

the  topographic  basin  east  of  the  cascades  is  rather 
poorly  defined  as  to  its  margins;  however,  in  over-all  aspect,  it 
is  a  definite  topographic  low.  the  Paterson  site  is  roughly  at  the 
center  of  this  basin.  It  is  located  in  an  area  where  the  course 
of  the  Columbia  has  been  moved  east  by  the  rise  of  the  Horse  Heaven 
Hills.  It  is  approximately  SO  kilometers  due  south  of  a  deep  test 
for  petroleum,  which  was  in  basalt  from  the  surface  to  total  depth. 
Although  some  authors  have  hypothesized  a  zone  of  Tertiary  sedi¬ 
mentary  rocks  underlying  the  basalt  layers,  there  is  no  real  evi¬ 
dence  for  its  existence.  The  nearest  outcrop  evidence  is  east  in 
the  Blue  Mountains  where  the  basalt  overlies  granite.  It  would 
seem  that  projecting  this  information  to  the  center  of  the  basin, 
near  Paterson,  would  be  ill-advised. 

Figures  2.9  and  2.10  are  photographs  of  the  Paterson 
site.  They  illustrate  the  flat  to  slightly  rolling  topography  and 
the  grassland  cover.  The  soil  in  this  area  is  mineral  rich  and  in 
a  less  arid  climate,  would  be  excellent  farm  land. 

2.5  Gibbon  and  Arnim  Slave  Sta^tion  Sites. 

Two  additional  Slave  Station  sites  have  been  located 
and  permitted  to  the  east  of  the  Paterson  site.  They  are  both  in 
the  Blue  Mountains  which  are  rather  poorly  defined  as  to  their 
extent.  Approaching  the  area  from  the  west  there  is  a  gradual 
increase  in  elevation  andl  of  the  ruggedness  of  the  topography. 
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Figure  2.8  Mebton  Area.  The  Mahton  Slave  Station  Site  is 
located  on  the  hear  slope  of  the  ridge  on  the 
left  horizon  of  the  photogra|>i^. 
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Paterson  slave  Station  Site  looking  northeast. 


Paterson  slave  station  Site  looking  northwest. 
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Hie  Gibbon  site  is  loGated  about  15  kilometers  south- 
east  of  Milton-Freewater,  ^egon  in  a  wooded  area.  Hiere  is  an 
estimated  800  to  1000  meters  of  loess  and  basaltic  layers  on  top 
of  the  granite. 

The  Arnim  site  is  the  eastern  extremity  of  the  Pacific 
Northwest  profile  and  is  35  kilometers  from  the  Oregon-Idaho 
boundary  and  SO  kilometers  south  of  the  washing ton-or agon  bound¬ 
ary.  It  is  on  a  granite  outcrop. 

The  locations  of  both  the  Arnim  and  Gibbon  sites  are 
tentative.  Their  geology  and  topography  will  be  discussed  in 
more  detail  in  later  reports. 

2.6  Metereoloaical  conditions  in  the. _P_acific„Nor_thweSt . 

in  the  Pacific  Southwest  during  the  Summer,  there  are 
very  few  changes  in  the  weather.  There  is  little  or  no  rain, 
the  days  are  monotonously  hot.  From  one  aspect  of  noise  analysis 
this  is  fortunate  since  it  allows  analysis  of  seismic  noise  that 
is  little  affected  by  weather.  However,  since  in  most  areas 
there  are  weather  changes  and  frontal  movements,  the  Pacific  South 
west  presents  a  limited  area  to  study  the  effects  of  weather 
changes  on  seismic  noise  level.  This  is  one  of  the  reasons  the 
Pacific  Northwest  was  recommended  as  a  second  area  for  a  profile 
line  to  study  noise.  The  area  has  considerable  weather  contrast 
from  west  to  east  and  has  considerable  frontal  movement. 

The  Cascade  Mountains,  in  conjunction  with  the  Rocky 
Mountains,  separate  the  northwestern  United  states  into  three 
distinct  meteorological  provinces.  These  are  the  costal  province 
west  of  the  Cascades  which  is  strongly  affected  by  Pacific  storms; 
the  intermontane  area  between  the  Cascades  and  the  Rockies  which 
is  in  a  sense,  a  "weather  trap"  tending  to  hold  weather,  partic¬ 
ularly  a  cold  air  mass;  the  Rocky  Mountain  area  and  east  which  is 
Strongly  influenced  in  winter  months  by  cold  fronts  moving  in 
from  Canada.  Only  the  western  slope  of  the  Cascades  and  the 
intermontane  area  will  be  the  locale  of  test~sites  of  the  Pacific 
Northwest  Profile. 

The  mechanism  of  weather  changes  in  the  Pacific  North¬ 
west  is  controlled  along  the  coast  (west  of  the  Cascades)  by 
Pacific  fronts  which  bring  rain  and  occasional  snow  to  the 
Seattle  area.  They  have  an  approximate  cycle  of  every  3  to  4  days 
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The  intermdntane  area  is  Gontrolled  in  part  by  cold 
air  from  Canada  that  originates  from  the  northeast  quadrant  and 
fills  the  basin ^  The  frontal  systems  from  the  PaoifiG  are  warm 
relative  to  this  oold  air  mass.  They  oan  do  one  of  two  things  in 
a  general  way,  either  sweep  the  Gold  air  out  of  the  intermontane 
area  as  a  surfaGe  front,  or  ri<^e  over  the  Gold  air  and  exist  only 
as  a  front  aloft. 

It  is  the  relation  of  this  weather  pattern  to  seismio 
noise  levels  that  is  of  interest  in  the  PaoifiG  Northwest. 
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The  noise  analysis  system  Gonsists  of  three  separate  oper-^ 
ating  units.  These  are  the  Master  station,  the  slave  Station, 
and  the  Analysis  Group.  The  Master  station  and  Slave  Stations 
are  essentially  identical.  Figure  3.1  is  a  block  diagram  of 
these  recording  systems.  The  difference  is  in  the  manner  of 
use.  The  Master  Station  remains  in  a  fixed  location  for  each 
profile.  The  Slave  Station  is  moved  about  once  a  month  to  a 
new  site  which  has  been  selected  to  obtain  noise  level  under 
certain  geologic  or  topographic  conditions.  The  instruments 
used  were  described  in  detail  in  Report  no.  vT/078-10  (Ref.  16) . 

The  field  setup  at  the  Master  Station  is  illustrated  by 
Figure  3.2,  at  the  Slave  Station  by  Figure  3.3. 

Work  on  the  California  line  was  completed  lO  November  and 
the  initial  work  in  Washington  State  began  on  27  November  1961. 
By  the  end  of  the  year,  the  recording  at  the  first  Slave  Station 
location  was  completed. 


The  office  analysis  system  presently  located  in  Pasadena, 
is  essentially  as  described  in  the  semiannual  report  for  the 
period  ending  30  June  1961.  Figure  3.4  is  a  block  diagram  of 
the  office  analysis  system.  The  only  change  in  this  System 
which  has  occurred, is  the  addition  of  cross  spectral  analysis 
equipment  which  was  received  29  December  1961. 


-  12 


United  ElectroDynamicb.  Inc. 


SASAOCNS  CAUiroWNIA 


FIGURE  3 
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S e ismi c  NQis„e„^ancL  lAs  Ana  Ivs  is 

The  word  rioise  has  its  primary  uSe  in  ordinary  speech  as 
something  disharmonir'us  or  unpleasant  to  hearo  It  is  a  common 
experience  that  noise  to  one  person  is  music  to  another,  or  that 
sounds  may  be  pleasant  under  certain  circumstances  and  unpleas¬ 
ant  under  others ^  This  brief  discussion  emphasizes  that  noise 
is  subjective. 


From  the  aspect  of  this  project,  noise  is  the  continuous 
motion  of  the  earth  that  interferes  with  the  recognition  of  the 
amplitude  and  phase  characteristics  of  earth  motion  resulting 
from  earthquakes  and  explosions,  it  is  also  the  purpose  of  this 
project  to  relate  this  interference  to  geologic,  geographic  and 
weather  parameters.  It  is  thus  necessary  in  the  final  analysis, 
to  determine  a  signal  to  noise  ratio. 

The  procedure  followed  has  been  to  separate  insofar  as 
possible,  noise  and  signals  for  analysis  purposes  and  confine  the 
results  as  a  final  step.  This  section  of  the  report  is  limited 
to  noise.  It  is  recognized  that  earthquake  signals,  particularly 
a  large  number  of  local  earthquake  signals,  may  be  "noise"  as  far 
as  recognition  of  signals  from  more  distant  earthquakes  is  con¬ 
cerned. 

There  are  two  broad  categories  of  noise  analysis  methods. 
These  are  machine  methods  and  visual  methods.  Each  of  these 
methods  has  certain  advantages  and  disadvantages  which  will  be 
discussed  in  the  following  section. 

4.1  Advantages  and  Disadvantages  of  Alternate  Noise  Analysis 
Methods _ 


As  Will  be  developed  in  this  section,  the  advantages 
of  machine  analysis  methods  seemed  to  outweigh  its  disadvantages 
and  was  therefore  chosen  as  the  method  to  be  used. 

The  advantages  of  machine  methods  are: 

1)  The  rapid  processing  of  large  quantities  of  data 

2)  The  capability  of  more  detailed  separation  of  a 
complex  wave  into  its  various  components 

3)  Its  ability  to  do  a  routine  job  without  fatigue 
or  boredom 

4)  The  ability  to  recognize  lower  amplitudes,  lower 
frequency  noise  in  a  background  of  high  frequency 
noise. 
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The  disadvantages  of  maGhine  methods  are: 

1)  The  addition  of  maGhine  variable  and  maehine 
Galibration  problems 

2)  The  inability  of  the  maGhine  to  reoognize  an 
erroneous  input 

The  advantages  of  visual  methods  are: 

1)  Better  oontrol  of  the  data  being  analyzed  insofar 
as  signal  and  noise  separation  is  conGerned 

2)  The  filtering  and  judgment  that  a  skilled  observer 
uses  in  recognition  of  amplitude  and  phase 

The  disadvantages  of  visual  methods  are: 

1)  The  praGtical  limitations  of  frequenGy  separation 
unless  extreme  photographic  enlargement  of  the 
recorded  trace  is  used 

2)  The  fact  that  to  obtain  statistical  reliability, 
large  quantities  of  data  need  to  be  processed, 
the  work  is  commoniy  delegated  to  unskilled 
personnel,  and  the  advantsge  listed  under  2)  above 
is  lost. 

During  the  equipment  assembly  period  of  this  project, 
the  above  advantages  and  disadvantages  were  compared,  it  was 
decided  to  uSe  machine  methods  largely  because  of  the  machine's 
ability  to  process  large  quantities  of  data  rapidly. 

4.2  Comparison  of  Results  bv  Machine  and  Visual  Methods 

There  are  several  machine  methods  and  mannexs  of  presenting 
results  as  well  as  different  visual  methods.  It  is  the  purpose  of 
this  section  to  compare  two  specific  methods  and  the  results  ob¬ 
tained.  It  will  be  concluded  that  because  of  differences  in 
method  that  the  results  must  be  interpreted  with  respect  to  each 
other  and  cannot  be  directly  compared.  This  difference  results 
when  reduced  to  essentials  from  the  fact  that  one  method  deter¬ 
mines  the  peak  value  of  the  noise  and  the  other  determines  the 
average . 

The  machine  method  in  use  on  this  project  produces  a 
power  spectral  density  of  a  noise  sample  in  the  form  of  a  plot 
on  semi«log  paper  with  frequency  as  one  axis  and  voltage  squared 
per  cycle  as  the  vertical  axis,  ^is  data  can  then  be  corrected 
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tfor  system  response  and  converted  to  ground  motion  as  a  function 
Of  freguency  or  period o  A  later  section  will  clarify  the  details 
and  how  the  machine  works < 

The  visual  method  selects  from  a  series  of  samples  by 
visual  inspection,  the  maximum  amplitude  that  occurs  in  a  given 
period  band,  commonly  0a3  to  1^5  seconds  period.  This  data  is 
then  assembled  in  the  form  of  an  S‘^Gurve  which  shows  the  probabil¬ 
ity  of  noise  occurring  at  a  given  location  at  or  less  than  a 
given  seismogram  amplitude ^ 

The  results  are  not  readily  compared,  since  one  method 
looks  at  all  periods  between  0^3  and  1,5  and  the  other  separates 
frequencies  or  periods  into  quite  narrow  bands  and  corrects  to 
unit  band  width.  However,  in  the  following  example  there  is  a 
dominant  frequency  for  the  entire  one  hour  period  studied.  The 
results  can  be  presented  in  the  form  of  an  s-curve  for  the  visual 
method  and  a  vertical  line  which  establishes  the  average  level 
of  the  particular  frequency  which  has  the  greatest  amplitude. 

The  first  step  in  the  analysis  is  to  establish  magnifica¬ 
tion  levels  of  the  particular  one  hour  sample  analyzed.  The 
Sample  was  chosen  at  random  except  that  it  was  an  hour  when  visual 
inspection  of  the  records  indicated  that  there  were  no  earthquakes 
recorded.  The  seismometer  used  was  at  the  center  of  the  Master 
Station  array  at  Round  Mountain,  it  is  a  Johnson-Matheson  seis¬ 
mometer,  -  Serial  No.  6.  The  sampls  chosen  was  between  0850  and 
0950  G  C  T  on  the  226th  day  of  196i  (14  August) ,  Calibration 
control  is  based  on  driving  the  seismometer  through  its  calibrate 
coil  at  three  frequencies  (nominally  0.5,  2,0  and  8.6  cps) , 

The  results  of  the  calibration  as  viewed  on  the  Film 
Viewer  are: 


Period 

Amolitude  (o-o) 

ma  Drive 

1.0/8 

5,5  mm 

3.9 

8.2/16 

22.0  mm 

7.8 

8.25/4 

9.S  nun 

6.2 
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Using  the 


=  6  i  1404 

— 'y~ 


to  determine  equivalent  ground  motion,  where  |j,  is  equivalent 
motion  in  miGrons  (p-p) ,6  is  the  calibration  coil  motor  constant, 
i  is  Galibration  coil  current  in  amperes  (p^p) ,  and  f  is  the 
frequeney  of  the  calibrate  signal,  results  in  the  following  data: 


preguenc5 

8  cps 
1 i  95  GpS 
0.485  cps 


Eguiva lent  Ground  Motion 

1.24  mp, 

41.8  mp. 

535  mp. 


since  film  viewer  amplitudes  are  double  the  (5cm  »  10 
seconds)  normal  magnification  used,  the  observed  amplitudes  are 
divided  by  2  and  the  following  magnifications  computed: 


Frequence 


8  cps 


1.95  cps 


0.485  cps 


Magnification 

2.75  mm  =  2.22  x  10® 
1.24  mp, 

11.0  mm  »  2.63  x  10® 
41.8  mp. 

4.75  mm  ^  .888  x  10^ 
535  mp. 


The  attenuator  level  was  set  at  ’^40db  during  calibra^ 
tion  and  operating  level  was  -20  db°  The  magnifications  have 
been  increased  by  a  factor  of  10  to  compensate  for  this  differ¬ 
ence  and  plotted  on  Figure  4.1. 

Determination  of  the  maximum  amplitude  that  occurred 
in  each  minute  between  0850  and  0950  resulted  in  the  following 
data: 


1.  Operation  and  Maintenance  Manual,  Johnson-Matheson  vertical 
Seismometer,  Model  6480 .■  pg.  11 
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2.5 

1 

1 

1.64 

2.5 

3.0 

6 

7 

11.5 

3.0 

3.5 

20 

27 

44.3 

3.5 

4.0 

14 

41 

67.2 

'•.O 

4.5 

11 

52 

85.2 

4.5 

5.0 

7 

59 

96.7 

5.0 

5.5 

2 

61 

100.0 

5.5 

Figure  4.3  is  a  reGord  sainple  of  one  of  the  reGords  used 
to  Obtain  the  above  data. 

In  arder  to  obtain  a  Gomparison  between  the  visually  ana^ 
lyzed  data  and  data  from  the  wave  analyzer,  power  speGtra  were 
made  at  the  beginning,  middle  and  end  of  the  one  hour  period 
analyzed  by  visual  means.  Figures  4.4  to  4.6  are  these  speotra. 

The  System  response  ourve  has  been  plotted  on  Figure  4.4  as  a 
dashed  line.  An  examination  of  these  speotra  shows  that  the 
highest  power  level  OGGurs  near  the  upper  end  of  the  period  band 
studied  by  the  visual  method  at  0.70  ops  or  1.4  seconds  period. 

The  vertical  Scale  of  these  plots  is  in  (it\i/Bec)^/cpa  at  2.6  cps. 

An  additional  correction  is  required  for  system  response.  There 
will  be  a  discussion  of  the  wave  analyzer  and  hOW  it  works  in  a 
later  section  of  the  report.  The  read  values  of  "Power"  at 
about  0.7  cps  are:  ^ 

MS  226  0850  (3.10  ml4/sec)  ^/cps  1.76  mp/sec/cpS 

MS  226  0920  (2.76  ir|i/See)  ^/cps  1.66  mu/sec/cps 

MS  226  0946  (2.36  my/sec) -/cps  1.54  iqi/sec/cps 

The  third  column  is  the  square  root  of  the  Power,  that  is  the 
velocity  value  corresponding  to  input  voltage  into  the  analyzer. 

The  average  value  is  1.65  mp/eec/cps.  The  voltage  which  the 
analyzer  sees  is  proportional  to  velocity  of  the  ground,  since  the 
Johns on*Ma the son  has  voltage  output  proportional  to  ground  velocity 
in  the  flat  portion  of  its  response  curve.  The  analyzer  is  cali-^ 
brated  at  2cps. 

In  order  to  obtain  a  correction  from  voltage  out  of  the 
amplifier  to  ground  motion,  it  is  necessary  to  divide  the  magni« 
fications  computed  for  view  screen  (5  cm  ^10  sec)  amplitude  by 
Zvti  where  f  is  the  frequency  of  the  sinusoidal  drive  used  into 
the  calibrate  coil*  This  "magnification"  is  plotted  in  Figure  4.7. 
It  supplies  a  factor  to  correct  the  velocity  at  6.7  cps  to  that  at 
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Figure  4.3  Record  sample  of  data  used  to  obtain  S=-curve  plot  Figure 
MS  226  0941 


HMic  3S9-I20G 


2.0  cps. 


From  the  curve  Figure  4.7,  the  maghif ication  at  0.7  cps  is 
6.0  X  10^,  at  2.0  cps  it  is  2.15  x  10^.  1  '.e  ratio  is  3.58. 

This  is  the  correction  to  be  applied  to  1.65  m|Vsec/cpS. 

1.65  mp/seG/cps  X  3.58  =  5.90  miv'sec/cps. 

Since  this  is  velocity  at  0.7  cps,  it  can  be  converted  to 
amplitude  by  dividing  by  2#  f. 

5.90  mu/sec/cps  =  1.35  mlVcps 
2  X  0.7 

The  analyzer  writes  rms  value;  however,  it  is  calibrated 
by  ratio  to  a  Sinusoidal  input  that  automatically  corrects  the 
output  to  mp;(p-p)  . 

This  last  step  is  possible  since  at  any  given  frequency, 
the  analyzer  output  is  a  &C  analogue  of  nearly  a  single  sinusoidal 
frequency. 


Figure  4.8  combines  the  results  of  the  two  methods  of 
obtaining  noise  level.  This  shows  that  the  average  level  of 
noise  in  the  one  hour  sample  by  visual  means  (50%  leve]J  is 
3.6  mu,  2.7  times  the  level  by  machine  analysis. 

This  result  is  probably  only  valid  for  this  particular 
exaunple.  In  general,  if  a  higher  frequency  band  of  noise  is 
considered, using  the  visual  method,  the  machine  method  will  give 
a  lesser  result  by  a  factor  of  2  vf,  the  value  of  f  depending 
on  where  in  the  band  the  dominant  noise  frequency  occurs. 


The  machine  analysis  method  has  the  advantage  of  noise 
separation  by  quite  narrow  bands  and  seems  a  better  way  of  de¬ 
termining  absolute  noise  level  as  a  function  of  frequency.  How¬ 
ever,  if  relative  noise  level  of  two  locations  is  the  prime  con¬ 
sideration,  then  either  method  will  give  the  same  relative  level. 
It  should  be  emphasized  that  this  comparison  is  for  only  two 
methods  of  analysis. 
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5 .  The  Wave  Analyzer  and  How  It  Works  ^ 

This  section  o£  the  report  is  a  discussion  of  Wave  Analyzers  in 
general  and  the  Technical  Products  Wave  Analyzer  in  use  on  Project 
VT/078.  An  attempt  is  also  made  to  clarify  certain  of  the  mathema^ 
tical  aspects  of  the  analysis. 

5.1.  Power  aS_ Related  to  Fourier  Transform  Theory. 

In  order  to  obtain  a  definition  of  power  spectral  density 
and  add  meaning  to  the  word  "power"  as  it  appears  in  the  definition, 
it  is  necessary  to  develop  a  certain  amount  of  mathematical  back¬ 
ground  . 

Let 

yi  (t)  =  C  “ci  (fi  )e^^^»  ^dfi  (1.1) 

V—  00 

and 

ya  (t)  =  f  ”cg  (fs)e3^^2t^f^ 

Then  the  product  of  these  two  functions,  which  in  the  case 
of  seismic  noise  analysis  are  random  processes  is 

yi(t)y2(t)  =  f”  r  *ci  (fi)c2  (f2)e^^^^^’^^^^dfidf2  (1.3) 
*^—00  *^—00 

The  following  development  is  based  largely  on  that  of 
W.  R.  Bennett.^  It  is  possible  to  change  the  order  of  integration 
etc.,  in  these  functions  because  as  recorded  the  seismic  noise  wave 
does  not  have  singularities  or  sudden  jumps  in  value. 

Now,  let 


f  1  +  f 2  -  t 


then 


yi  (t)y2  (t) 


= r  i: 


Cl  (fi  )C2  (f  -  fi  )e 


df.df 


‘William  R.  Bennett,  Electrical  Noise.  McGraw-Hill,  1960  pp. 204-207 
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and  if 


Gi2  (f)  =  C  Gl  (f)G2  (f  -  fi)df, 

no 


(1.4) 


then 


yi  (t)y2  (t)  =  Y  Gi2  (f)e 


df 


The  integral  in  (1.4)  is  by  definition  the  Gonvolution  of  the 
functions  Cl  and  C2  and  is  designated  ci  *  C2 . 

Symbolically 

C12  (f)  =  Cl  (f )  *  G2  (fl) 


(1.5) 


(1.6) 


or  in  words,  the  Fourier  transform  of  two  functions  of  time  is  the 
convolution  of  their  individual  Fourier  transforms. 


By  inversion  of  (1.5) 

(f)  =  r  yi  (t)y2  (t)E~^^^^dt 

— no 


C12 


(1.7) 


Combining  the  two  equations  involving  Ci2 (f ) ,  (1.7)  and 
(1.4)  gives 

C  yi  (t)y2  (t)e"^^^^dt:  =  C  ci  (fi  )c2  (f  -  fi  )dfi  (1.8) 

^  —  00  CO 

If  in  this  equation  f  -  0  and  yi  (t)  =  y-.  (t) ,  then 


p  00  p  CO 

\  y2  {t)dt  =  \  I  c(f)| 

V  •<»  00 


•df 


(1.9) 


The  following  paragraph  is  quoted  directly  from  Bennett 
(op.  eit-).  "If  in  (1.8)  we  set  yi  (t)’  as  a  voltage  E(t)  and  ys  (t) 
as  a  current,  then  the  integral  on  the  left  represents  the  total 
energy  over  all  time  represented  by  this  voltage  and  current  pair. 
The  formula  says  that  this  energy  can  be  computed  by  integrating 
the  product  of  the  Fourier  transform  of  one  and  the  conjugate  of  the 
Fourier  transform  of  the  other  throughout  all  frequencies.  Likewise 
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if  y(t)  in  (l.§)  represents  a  voltage  or  current,  the  integral  on 
the  left  is  the  total  energy  dissipated  per  mhc  or  ohm,  raspective-* 
ly,  in  the  circuit,  l^e  formula  says  that  this  energy  can  be  cal¬ 
culated  by  integrating  the  sgucured  magnitude  of  the  Fourier  trans¬ 
form  over  all  freguencies^  In  this  sense  the  function  jG(f)|^ 
thus  represents  an  energy  density  on  the  frequency  scale. 

5.2.  Power.^ Spec tr al  Density . 

If  a  finite  sepnent  of  y(t)  is  considered,  say  fr^  -T  to 

T,  then  if 

C^(f)  =  J%(t>e"^^^^dt  *  J  “y^(t)e‘"^^^^dt  (2.1) 

where 


yiii(t)  =  y  (t)  -  T  <  t  ^  T 

and 


y,j,(t)  *  0  t  <  -^  t  and  t  >  T 

This  limitation  of  consideration  of  the  function  y(t)  to  a  limited 
time  corresponds  to  practical  considerations  such  as  that  portion 
which  can  be  put  on  a  loop  of  magnetic  tape.  It  also  avoids  questions 
concerning  infinite  power  which  would  result  from  integration  over  all 
time. 

The  average  power  into  a  1  ohm  load,  providing  y (t)  is 
a  voltage , becomes 

®T  “  2T  y  (t)dt 

(2.2) 

®T  “  ^  y  |  c,j,(f)|^dt 

from  Parseval's  Formula  (1.9). 

The  average  power  in  a  frequency  interval  Af  at  f,  involves 
the  assumption  of  an  ideal  band  pass  transmittance  function,  i.e. 
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a  constant  non-zero  value  in  the  band-pass  and  zero  elsewhere  (see 
Bennett  op.  cit.  Paragraph  2.2).  Let  Wy(f,T,Af)  be  the  average 
power  in  the  frequenGy  interval  Af ,  then 


f  + 

.  At 
2 


I 

2mf 


dx  »  Wy(f,T,Af) 


(2.3) 


Wy(f,Af) 


lira  \  — - — - 

T-*  00  J  ^  ^  2T:^f 


dX 


(2.4) 


The  power  spectral  density  is  defined  as  the  limit  Af-^  0,  thus 


Power  Spectral  Density  =  Wy(f) 


liin 

Af -f  O 


lim 
T— ►  00 


f+^|c^(X)|2 


2TAf 


(2.5) 


This  definition  is  equivalent  to  definitions  in  terms  of 
the  cross  Correlation  function.  (See  for  example,  Lee  p.  5S.  )^  It 
IS  left  m  this  form  since  it  is  more  readily  used  in  terms  of  the 
analyzer  system. 

5.3.  Practical  Limitations. 

It  is  necessary  and  practical  when  working  with  an  elec¬ 
tronic  wave  analyzer  to  avoid  such  things  as  allowing  the  filter 
band-width  to  approach  zero.  The  power  spectral  density  determina¬ 
tions  in  actuality  become 


Wy  (f,T,Af) 


f  ^  I  (X ) 


|2 


f-f 


2TAf 


dX 


(3.1) 


^Y.  W. 


Lee,  Statistical  Theory  of  Communication .  Wiley, 


I960. 
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It  thus  beeches  necessary  to  determine  the  adequaGy  of  this 
approximation  which  is  a  sample  taken  from  the  entire  time  series. 
This  involves  sampling  theory  and  will  be  discussed  in  a  later 
section. 

It  is  also  easier  to  work  with  the  squared  value  of  the 
time  series  than  its  Fourier  transform,  therefore  the  form 


Wy(f,T,Af) 


f*  v»(t)dt 


is  used. 

5.4.  Filtering. 

The  first  step  is  to  limit  the  power  to  a  finite  band 
width  Af .  In  the  Technical  Products  Wave  Analyzer  in  use  on  Project 
VT/078  this  is  accomplished  by  multiplying  the  audio  signal  by  a 
high  frequency  Sinusoid  generated  by  an  oscillator.  This  oscillator 
has  a  frequency  range  centered  at  97kc  and  is  calibrated  in  terms 
of  the  audio  range  0  to  250  cps,  0  to  2500  cps,  or  0  to  25. kc  de-^ 
pending  on  the  range  selected. 

The  system  is  shown  in  block  diagram  form  in  Figure  1. 


If  y{t)  is  the  input  function,  then  its  Fourier  transform  is 


<1>  (w)  =  \  y  (t)e^'^dt 


(4.1) 


and  the  Fourier  transform  of  y(t)  multiplied  by  the  carrier  A  cos  W^t 


Ox  (w) 


=  ^tiAe 


cos  Wetdt 


(4.2) 
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which  becames,  when  the  cosine  is  Written  in  terms  of  the  exponential 


(W)  =  f  +  J  ' 


.■^j(WG  +  W)t 


y  (t)dt) 


(4.3) 


=  f  (Wg  -  w)  +  d) 


This  means  that  the  original  input  audio  frequency  distribution  has 
been  converted  to  a  frequency  distribution  of  the  upper  and  lower 
side-band  of  the  oscillator  frequency. 


The  output  of  the  modulator  is  then  passed  through  a 
filter  of  band  width  Aw  which  is  displaced  from  the  carrier  fre¬ 
quency  Wg  by  a  frequency  w.  This  acts  to  select  from  the  modulator 
output  those  frequencies  between 

(Wg  -  w  -  ^)  and  (Wc  -  w  +  (4.4) 

By  equation  (4.3)  this  amounts  to  selecting  the  lower  side 
band  from  the  modulated  audio  input.  Since  the  oscillator  is  cali¬ 
brated  in  terms  of  w  the  output  has  the  same  frequency  distribution 
as  the  audio  input. 

The  output  of  the  filter  at  any  given  moment  (fixed 
carrier)  is  thus  a  sinusoid  of  frequency  w  and  eunplitude  proportion^ 
al  to  the  amplitude  of  the  component  of  the  original  input  frequency 
w.  This  proportionality  is  constant  if  the  system  is  flat  in  the 
radio  frequency  range  about  the  modulated  carrier.  It  is  strictly 
true  only  for  Af-*  0,  however,  it  is  an  adequate  description  if  Af 
is  small  relative  to  the  band  of  frequencies  occurring  in  y(t). 

5.5.  Sauar inq . 


The  next  step  in  determining  the  power  spectral  density 
of  the  system  is  to  square  the  filter  output. 

Let  R(t)  cos  Wgt  be  the  input  to  the  squaring  device, 
where  Wq  is  the  center  frequency  of  the  filter.  The  initial  stage 
of  the  squaring  device  is  a  paraphase  aunplifier-  which  provides  two 


^Seunuel  Seely,  Electron- Tube  Circuits.  McGraw-Hill,  1950,  p.  187. 
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equal  output  ohannels  which  are  180°  out  of  phase*  These  outputs 
are  then  applied  through  a  transformer  to  the  grids  of  a  twin 
triode,  which  are  then  ccanbined  to  form  the  output.  Seely 
(op.  cit.,  p.  151)  illustrates  one  way  of  accomplishing  this.  In 
the  Technical  Products  Analyzer  this  is  accomplished  by  using  a 
12Au7  twin  triode. 

If  the  plate  current  in  h  the  twin  triode  can  be  repre¬ 
sented  by 

ipi  =  aiegi  t  aeeli  +  a3e|i  +  .  . .  (5.1) 

then  for  the  other  half 


ip2  —  ai  (-  egi )  +  Se  (—  eg  j  )^  +  as  (-  egi )®  (5.2) 

Then 

ip  =  ipt  t  ips  “  2a2egi  +  2a4e^i  +  • • •  (5.3) 

which,  if  terms  fourth  order  and  greater  can  be  neglected,  becomes 


ip  -v,  . 

If  Rk  is  the  resistance  into  which  ip  is  connected, 

Cp  ~  ^k2a2egi  . 


IS 


In  words,  this  states  that  in  the  circuit  output,  voltage 
to  square  of  the  inputs. 


5.6.  Averaging. 


The  next  step  in  the  determination  of  the  power  spectral 
density  is  to  determine  the  average  of  the  output*  This  is 
essentially  a  smoothing  amplifier  as  shown  in  the  following  simpli* 
fied  diagram: 


Input 


Output 
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ITie  capacitor  in  the  feedhack  loop  has  three  values  con¬ 
trollable  by  a  switch i  The  result  is  continuous  averaging  time 
from  0.1  to  100  seconds.  An  averaging  time  of  2.0  seconds 
(equivalent  to  one  revolution  of  the  200  second  real  time  sample) 
is  commonly  used.  This  averaging  time  was  established  experimentally. 

5.7.  Band-Width  DiviSOr  Gircui try . 

In  the  integrator  portion  of  the  analyzer  there  is  a 
series  of  attenuators  corresponding  to  the  filters  with  which  the 
analyzers  are  equipped.  In  the  case  of  the  analyzer  in  use  on 
Project  VT/078,  the  filters  are  2,  10,  50  and  200  eps  wide.  The 
attenuators  are  calibrated  to  compensate  for  the  larger  amount  of 
energy  which  the  broader  filter  "lets  through"  the  system,  reducing 
the  amplitude  for  random  inputs  to  that  of  the  narrowest  filter. 

The  next  logical  question  concerning  the  operation  of  the 
analyzer  has  to  do  with  sampling  theory.  Most  of  the  available 
literature  approaches  the  problem  from  a  negative  aspect  (see  for 
example,  Davenport  and  Root,  p.  107)."*  However,  from  a  practical 
aspect,  Consistent  results  have  been  obtained  using  a  200  second 
sample.  Work  is  continuing  in  an  attempt  to  clarify  the  rather 
involved  mathematics. 


*  Davenport  and  Root,  An  Introduction  to  the  Theory  of  Random 
Signals  and  Noise.  McGraw  Hill,  1958. 
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6. 


Station  Factor  arid  Siqr.al  .Lev(elsj,_in„  CaiifoJ^nia 


The  purpose  of  this  sec  ..ion  is  to  discuss  the  results 
obtained  concerning:  a  measure  of  the  relative  signal  to  noise 
ratio  of  various  sites  in  California.  It  also  includes  a 
more  detailed  discussion  of  signal  ratio  and  how  the  data 
concerning  signals  was  obtained. 

in  brief,  the  results  are  that  the  Station  Factor  is 
1.0  or  greater  from  the  Sierra  Nevada  east  and  deteriorates 
to  0.3  at  the  two  sites  less  than  50  kms  from  the  coast.  The 
station  at  Darwin  had  the  highest  factor  1^4.  Data  is 
normalized  to  a  value  1.0  at  the  Master  Station  at  Round 
Mountain. 

6 . 1  Relative  Signal-Noise  Level  of  California  Sites 

In  Order  to  present  the  data  in  summary  form  con¬ 
cerning  the  relative  signal  to  noise  ratio  for  the  various 
sites  in  California,  it  is  necessary  to  make  certain  simpli¬ 
fying  assumptions.  These  assumptions  are  that  the  noise  is 
limited  to  that  between  0.8  to  1.0  seconds  period  and  the 
signal  to  that  with  a  measured  period  of  1.0  seconds  in  the 
first  or  second  phase.  The  effect  is  to  limit  the  spectrum 
much  as  if  the  noise  and  signal  were  recorded  through  a 
Sharply  tuned  filter.  The  consideration  of  noise  or  signals 
in  other  frequencies  is  thus  eliminated.  These  assumptions, 
for  reasons  that  will  be  discussed  in  detail  in  a  later 
section,  have  a  marked  effect  on  the  signal  portion  of  the 
factor.  For  example  at  Panamint,  if  instead  of  a  1.0  second 
signal,  that  at  0.8  is  chosen,  the  signal  ratio  has  an 
average  value  of  2.3  compared  to  1-4  at  1.0  seconds. 

Figure  6.1  is  a  plot  of  the  Station  Factor  which  in 
approximate  terms  is  a  measure  of  the  average  signal  to  noise 
improvement  that  can  be  expected  between  one  site  and  another. 
The  data  is  normalized  to  the  Master  Station  at  Round  Mountain 
which  has  been  given  unit  value.  This  results  from  the  signal 
data  amplitudes  as  recorded  at  each  site  to  that  at  the  Master 
Station  at  Round  Mountain.  Figure  1.3  is  a  map  of  station 
locations.  The  data  on  which  Figure  6.1  is  based  is  listed  in 
Table  6.1. 
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TABLE  6.1 


CfTA^TON 

AVG-  SIGNAL  AMPL. 
RATIO  SS/MS  AT 

1.0  SEC. 

AUG. NOISE 
0.8  1.0 

AMPL. 
SEC . 

SIGNAL  SS/MS 
NOISE  SS/MS 

Round  Mt. 

1.0 

0.098 

1.0 

Huasna  R. 

2.7 

0.862 

0.31 

Carrizo 

1.6 

0.525 

0.3 

Darwin 

0.9 

0.063 

1.4 

Panamint 

1.7 

0.165 

1.0 

Death  Valley 

2.8 

0.225 

1.2 
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Of  particular  interest  in  Table  6.1  is  the  Death 
Valley  station  which  has  both  a  high  signal  level  and  noise 
level,  resulting  in  a  higher  Station  Factor  than  the  Master 
Station.  Geologically,  the  Gontrast  is  a  deep  alluvial  fill 
to  a  massive  granitic  intrusive.  In  contrast,  although  Huasna 
River  has  a  high  signal  ratio,  the  noise  level  is  enough 
higher  to  cause  an  overall  degradation  in  the  Station  Factor. 


Three  of  the  stations  occupied  are  not  included  in 
this  study.  Elk  Hills  had  a  high  level  of  apparent  man«‘made 
noise  and  has  not  been  analyzed  in  detail.  Mannot  Creek  will 
be  analyzed.  The  High  Sierra  Station  was  occupied  for  a 
relatively  short  time  before  its  abcindonment  because  of  hazard 
to  personnel  and  equipment  from  lightning. 

6.2  Signal  Level  Comparison  Slave  to  Master,  station 

A  visual  analysis  method  was  used  to  obtain  amplitude 
ratios  of  signals  between  the  Slave  and  Master  Station.  Earth¬ 
quakes  are  selected  that  have  reasonably  well-defined  first 
motion  at  both  stations.  The  amplitudes  ratios  of  the  first 
two  cycles  of  first  motion  are  compared  and  plotted  as  function 
of  period.  Since  both  stations  are  located  in  the  circum- 
Pacific  belt,  about  50%  of  earthquakes  recorded  arrive  at  both 
stations  at  nearly  the  same  time.  The  sample  does  not  have 
random  directionality. 

Figure  6.2  is  a  plot  of  the  signal  data  obtained  at 
the  Huasna  River  site.  These  curves  illustrate  the  marked 
differences  which  occur  as  a  function  of  period.  Figures  6.3 
to  6.6  are  the  signal  amplitude  ratio  plots  for  other  sites.  A 
comparison  of  these  curves  illustrates  the  marked  differences 
both  in  amplitude  ratio  and  frequency  which  occur  from  one  site 
to  another.  More  work  is  scheduled  in  the  study  of  signals  and 
their  relation  to  the  parameters.  In  general,  the  data  con¬ 
cerning  noise  is  better  controlled  than  the  signal  data. 
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7.  geismie  Noise  Along  California  Profile 


The  purpose  of  this  section  is  to  show  the  relations  between 
seismic  noise  and  geology,  topography,  wind  speed  and  weather 
fronts  as  established  along  the  California  Profile  from  San  Luis 
Obispo  Bay  to  Death  Valley. 

In  general  there  is  a  well-defined  change  in  noise  at  the 
Sierra  Nevada.  Sites  in  and  east  of  the  sierra  Nevada  had  a 
lower  noise  level  and  less  variation  than  those  in  the  San  Joaquin 
Valley  and  the  Coast  Range. 

Various  aspects  of  noise  as  studied  will  be  discussed  in  the 
following  subsections  of  this  section. 

7 . 1  Twenty  Four  Hour  Noise  Averages 

Figure  7.1  is  a  plot  of  the  average  peak  to-peak  ampli¬ 
tude  of  noise  by  bands  of  period  between  0.2  and  5.0  seconds  (0.2 
to  5.0  cycles).  The  horizontal  scale  is  in  days  of  the  year  and 
thus  represents  the  order  in  which  various  sites  were  occupied. 

Also  plotted  against  the  day  axis  is  distance  to  weather  front  as 
it  appears  on  the  daily  weather  map  published  by  the  Department  of 
Commerce.  Distance  from  Bakersfield  was  chosen  as  a  parameter. 
Within  the  accuracy  of  the  weather  maps  this  represents  a  workable 
average  distance  from  the  California  profile  to  the  usual  weather 
front  which  is  northwest  of  the  profile  line  and  generally  parallel 
to  it.  Since  the  California  profile  was  occupied  from  March  to 
November,  only  rarely  did  a  front  pass  through  Bakersfield.  On  the 
plots  the  solid  is  the  particular  Slave  Station  being  occupied;  the 
dashed  line  is  the  Master  Station. 

7.1.1  Cedar  Creek  Slave  Station 


Noise  levels  at  the  Cedar  Creek  Slave  Station  are  nearly 
identical  for  periods  between  0.3  and  5.0  seconds.  This  is  as 
expected  since  the  stations  are  5  kms.  apart.  There  is  some  differ¬ 
ence  in  the  0.2  to  0.3  second  noise  which  has  no  direct  correlation 
with  wind  speed.  Topographically  the  Cedar  Creek  Station  is  in  a 
valley  east  of  and  160  meters  lower  in  elevation  than  the  Master 
Station  at  Round  Mountain.  An  interpretation  of  the  higher  noise 
level  in  the  0.2  to  0.3  second  band  is  that  the  valley  shelters 
the  site  from  the  prevailing  wind  action  against  the  mountains, 
even  though  the  recorded  wind  speeds  are  comparable  -  The  general 
trend  of  the  valley  is  perpendicular  to  the  prevailing  wind  direction. 
Geologically  both  sites  are  on  granite  of  the  Sierra  Nevada. 
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7.1o2  Death  Valiev  Slave  Station 

The  Death  Valley  Station  is  located  On  the  floor  of 
Death  Valley j.  at  an  elevation  of  minus  73  meters  o  At  this  point 
the  valley  is  an  alluvial  fill  about  2000  meters  thick o  Of 
interest  is  the  greater  variation  of  noise  level  at  the  Master 
Station  than  at  Death  Valley  for  the  longer  periods  (1=0  to  3o0). 
The  wind  speed  level  at  Death  Valley  was  high  during  the  time  the 
station  was  there,  averaging,  about  15  km/hr.  There  is  no  well- 
defined  correlation  between  wind  speed  and  noise  level  in  the 
higher  frequencies „  The  average  noise  at  this  site  in  the  higher 
frequencies  (above  5  cps)  showed  more  correlation  with  wind  speeds 

7o1o3  Panamint  Slave  Station 


The  Panamint  Station,  except  in  the  0o2  to  0.3  second 
band,  had  noise  level  very  similar  to  that  at  the  Master  Station. 
Geologically  they  are  dissimilar  (See  Section  1.4  and  1.6).  There 
is  an  indicated  correlation  between  wind  speed  and  the  0.2  to  0.3 
second  noise.  Wind  speed  and  this  period  of  noise  do  not  correlate 
at  the  Master  Station.  As  noted  earlier  (Section  6) ,  the  signal/ 
noise  ratio  of  this  station  is  greater  than  the  Master  Station. 

7.1.4  Darwin  Slave  Station 

From  a  geological  and  topographic  aspect,  the  Darwin 
and  Panamint  stations  are  similar.  The  Darwin  station  is  located 
on  hard  metamorphosed  Pennsylvanian  limestone,  with  a  thin  cover 
of  Quarternary  alluvium.  Volcanics  occur  west  of  the  area. 

Darwin  had  the  lowest  noise  level  of  all  the  stations  occupied.  Of 
interest  is  the  relatively  low  level  of  noise  in  the  0.2  to  0.3 
second  band,  even  though  the  wind  speed  was  higher  than  at  the 
Master  Station.  This  station  also  has  a  higher  signal  to  noise 
ratio  than  the  Master  Station. 

7.1.5  Big  Meadow  Slave  Station 

This  station  is  variously  referred  to  as  Big  Meadow 
or  High  Sierra.  (See  Section  1.4)  The  very  high  noise  level  in 
the  0.2  to  0.3  second  period-  ^1.5  m  ,j,)  on  the  222nd  day.  about 
5  times  the  corresponding  Master  Station  amplitude-  is  interpreted 
as  standing  waves  in  the  low  velocity  material  of  the  recently 
filled  lake.  This  gelatinous  material  is  similar  to  the  low 
velocity  material  found  in  the  filled  channels  of  the  Mississippi 
where  P-wave  velocities  of  about  1.0  km/sec  occur.  It  is  believed 
that  this  low  velocity  is  a  result  of  aeration.  The  mechanism  of 
these  waves  is  interpreted  as  similar  Lo  that  of  seiches. 
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On  the  227th  day  the  seismometers  were  moved  to  the  edge 
of  the  meadow  on  hard  granite ^  Plans  to  continue  reGOrding  at 
this  site  were  abandoned  because  of  severe  lightning. 

7.1.6  Hannot  Greeik  Slave  Station 

The  Mannot  Greek  Site  is  located  on  the  West  side  of  the 
San  Joaquin  Valley  on  Tertiary  fill  about  800  meters  thick  (see 
SeGtion  1.3).  The  noise  level  was  higher  than  the  Master  Station 
22  kmS  northeast.  The  principal  source  of  man-made  noise  in  the 
area  appeared  to  be  pumping  oil  wells  with  a  period  of  about  3.0 
seconds.  The  fact  that  a  markedly  higher  level  of  noise  did  not 
occur  at  this  period  indiGates  that  the  noise  is  not  man-made.  Ihe 
visual  reGords  were  dominated  by  the  0.2  to  0.4  seGond  noise. 

7.1.7  Elk  Hills  Slave  Station 

This  station  was  OcGupied  in  an  attempt  to  determine  noise 
levels  on  the  east  side  of  the  valley.  The  difficulties  locating 
a  station  in  this  area  free  of  man-made  noise  are  formidable.  The 
site  was  selected  as  far  as  possible  from  sources  of  man-made  noise. 
The  effort  Was  unsuccessful. 

7.1.8  Carrizo  Slave  Station 

This  station  is  located  in  the  Coast  Range  (see  Section 
1.2).  Of  interest  both  at  this  Station  and  the  Huasna  River  Station 
is  the  relatively  low  level  between  0.4  and  0.6  seconds  in  contrast 
to  higher  and  lower  periods  which  are  significantly  greater  than 
the  Master  Station  level.  During  this  period  (October)  noise  levels 
at  the  Master  showed  more  variation  than  they  did  through  the  spring 
and  summer . 

7.1.9  Huasna  River  Station 

The  Huasna  River  Station  was  located  as  close  to  the 
ocean  as  practical  (16  kms . ) .  There  is  a  major  highway,  railroad 
and  several  towns  which  precluded  a  site  closer  to  the  beach. 

There  appears  to  be  a  weak  correlation  between  changes  in  level  at 
this  and  that  at  the  Master  Station-  Of  interest  in  this  regard 
is  the  0.6  and  longer  period  noise  at  Carrizo,  where  the  correla¬ 
tion  is  better  defined- 

7 . 2  Mean  Noise  Amplitude  vs  Distance  From  the  Coast 

In  order  to  emphasize  the  variation  of  noise  of  a 
particular  period  as  a  function  of  distance  from  the  coast.  Fig¬ 
ures  7.2  to  7.10  are  plots  of  the  average  peak  to-peak  noise  plus 
and  minus  one  standard  deviation,  at  each  site  against  distance 
from  the  coast.  This  is  essentially  the  saune  data  as  presented  in 
Section  7.1. 
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Detail  Noise  Level  of  California  Sites 


Re^rt  No.  VT/078-12  contains  a  prelitninary  discussion  of 
noise  level  at  one  site.  Because  of  the  breakdown  of  noise 
into  eleven  short  period  bands  of  period,  wind  into  arbitrarily 
chosen  bands,  signal  levels  into  various  periods  and  the 
difficulties  of  attaching  numerical  values  to  topography  and 
geology,  the  problem  of  assenibling  the  quantities  of  statistics 
is  a  formidable  one.  There  are  several  unsolved  problems ^ 

The  approach  to  this  problem  is  to  prepare  a  geologic  and 
topographic  map  of  each  site,  mark  on  it  various  values  of 
the  parameters  and  attempt  to  define  relationships.  This  work 
is  being  continued.  There  are  certain  ways  of  quantizing 
geology  and  topography  with  respect  to  geology.  This  involves 
assigning  a  number  proportional  to  rock  density  to  each  site. 
Topography  can  be  quantized  by  methods  similar  to  those  used 
in  gravity  exploration  methods  to  determine  residual  and 
second  difference  maps.  Such  techniques  are  being  excunined. 


The  various  steps  in  the  detail  analysis  are  outlined 
in  Figure  8.1.  This  block  diagram  has  been  used  in  earlier 
reports.  It  represents  a  somewhat  idealized  approach,  which 
does  however,  emphasize  the  basic  purpose  and  that  is  to  de¬ 
termine  how  to  design  an  array  of  seismometers  at  a  particular 
site  from  an  experimental  aspect. 

Previous  reports  contain  various  detail  studies  of  parti¬ 
cular  sites.  These  will  not  be  repeated,  since  they  need 
synthesizing.  Efforts  currently  being  made  toward  better 
presentation  should  result  in  detail  site  studies  that  can 
be  used. 

8.1  Huasna  River  Slave  Station 


The  following  discussion  includes  only  examples  of 
some  of  the  variations  at  one  site,  which  was  located  at  the 
western  extremity  of  the  California  profile.  Figure  8.2  is 
a  plot  of  the  distribution  of  noise  amplitudes  in  various 
period  bands.  This  plot  is  somewhat  different  than  those 
at  other  sites.  The  asyiranetry  of  the  distribution  for  example, 
between  1.0  and  1.25  seconds  indicates  a  fairly  constant  level 
of  noise  with  a  (p-p)  value  of  about  1.5  mp.  and  occasional  levels 
of  noise  to  a  maximum  of  about  three  times  the  base  level.  This 
is  in  contrast  to  noise  at  shorter  periods  which  is  more  nearly 
normally  distributed.  The  opposite  case  occurs  at  such  sites 
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distributed. 


Figure  8.3  is  a  comparison  Of  noise 
function  of  wind  at  Huasna  River.  The  solid 


amplitude  as 
is  the  noise  level 


curve  for  no  effective  wind  (0-2.75  Jtmv^r.)  .  The  dashed  curve 
is  for  amplitude  regardless  of  wind.  An  interesting  feature  of 
this  curve  is  the  apparent  effect  of  increased  wind  velocity 
on  noise  level  out  to  the  longest  periods  measured  (3. 0-5.0 
seconds.).  Due  to  proximity  to  the  Coast  (25  kms . )  this  is 
probably  due  to  the  fact  that  increased  wind  also  increases 
the  surf  level  generating  a  higher  level  of  noise  in  the  longer 
per iods . 


Figure  8.4  and  8.5  illustrate  the  variation  of  noise 
level  at  various  locations  within  the  Huasna  River  site  area. 
Channel  2  in  each  case  is  in  the  center  Of  the  array;  channel 
4  is  southeast;  channel  5  is  east.  The  marked  difference  in 
noise  level  of  0.5  to  0.6  second  noise  illustrates  (Figure  8.4) 
one  array  design  Criterion.  The  contribution  of  the  seismometer 
one-quarter  mile  east  of  the  array,  because  of  its  high  noise 
level  between  0.5  and  0.6  seconds  would  probably  have  a  negative 
effect  on  overall  array  performance. 


Figure  8.5  shows  that  the  seismometer  location,  three- 
quarter  miles  southeast,  has  an  overall  slightly  higher  noise 
level,  in  particular  at  2.0  seconds,  and  for  periods  less  than 
0 . 5  seconds . 

It  is  this  type  of  data  that  is  being  processed  to 
obtain  overall  side  performance  results. 


-  34  = 

O  -  i  %  E  ,  I 


i  N  '• 


I525S5:f5i3»ii. 
35SS5igiiS 


ISiltliiliiNiSigiilil 


liifuiiiHJiiia 

«'jl"  '••u:  : 


miii 

jiSpKSra 


,  aS@S^SsgSliS2Si3U..  “IS 

iHsaii’  trsnigiissif^BSigl 


?iigiiliisra,;S¥^aMaiS!|j®  iSSili 

- isliSlif 

it  liiiliniiiiili 


luuii 

:»iSSs3S!!l;!:''  ''  H-ii.Ul  ■«>.  •^t't 

S|ggg:kl:PiyiiSi^it;! 


g|fS3g|fttfaij^mr^ililili!t!ili»«i:  iK 
- UliSS^MSiSHf, 


csiii!.  ■w-.n <i9sii8auiii'u»%3 awawswMiaHBiwwiiftt 


;afiiiaaMs.inl 

isfiffiiiPbtil 

Hffilil 


isiSzi'giiJlHii!; 


^-T=  s^SgigiSSSslWSj?, 


I  =F3i=ill?llil?iH?l'^lll}L4'  i=tf-’  Mljt-ilr-**;  -:ii  p:  e=aSiil= 
issiiiifil  iiisufii  niiin  ISi*  US  HSi  !M  « 

^  iiiii^giniit: 

ilSiiiiiil^Hi 


I  •6«iinip!!rii':' 


SSSig5Sa^SS8?JjS(Hii!ii 


list 


Minis 

ogliil 


I  l^lf  ili!  ygif  jUii  li§i  lii  n 
^  iiiilliiiil 
iiiiiliiiii 

iiftsil 


|BmHiHHffiijian8inseiiiui»iiati»9ii£>nnBn!si»jHntiigfflwm!(Hiiim'ii!8Hiwijiinigg3»iimiuiiii!!Hit!!im.°imHiL’!iiiii!!s<E!l 

mil  9£i»isaii3Si  suit  BfiiKHiHiviBSfimaRiittffiif 
gffig  JgffflUffiiiHHIlWBiaHiiiiilfflMifiilM 

Biiilliilli 


..  .  iSeWSi«iig 

gHiiUnsaiil 


iliest  iMUIKlIHRIHIIIISIlfi 

f«ie3i»fiyii)ai»iiiiiii 


iiffl  M  <»  ffi  mnw’ « »' «!iHc  ■iui»  iisHiOB  mit  S'!  !isngi33i9  istnufK  ai«n  RKi  KOI  itiii  nw  » 

yioaisasi^iiiiiiiistiitiBsiiijigf  iitiffliisi  g  I 

eiiiii 

iil 


■  s' 'if 


IHneNMMMtmniNngs'. 

- BBiimiBaiiiw 


HHGPi»im!iMnRHni8«S!tr  suaMii  ummii  ftnim  taeiKii  iiw  s'fnic  I 
~  ~  BBaai«aagHiHBiiiiHtiaiWBiiiBfiig8iiiiimiiiHi8i> 

— swi; - 


gfflisgliif 


9  ii»  'tn  tl 


tugwa— iwiwiHatffiiiiti 

—  1 


nil 


nBi»»iraKi3>»f  i<o«i 

WSBtWsSi,  ,11? 

aeff  HtDniaiies 

-  JHnnemii 
SSlillMPiiiiigiliglffiiiliP 


'■BOH!  Si  St  Si! 


8i 
i 


Figure  9^1  is  a  plot  of  noise  levels  recorded  at  tlie  Master 
Station  at  Toppenisli  Ridge  and  the  Slave  Station  at  Mabton.  This 
chart  is  of  the  measured  noise  level  of  the  200  second  samples 
taken  each  5  hours*  During  this  period  the  stations  were  31  kms 
apart  and  had  a  rather  similar  noise  devel  .  The  Slave  Station  had 
a  slightly  higher  level  of  noise  probably  Gorrelatable  with 
geology*  Both  stations  are  on  basalt,  the  Slave  Station  is  in 
a  congiomorate'  area  from  an  old  channel  of  the  Columbia  River* 

The  noise  level  in  the  0.8  to  1*0'  second  band  has  an  estimated 
average  of  about  0.20  m|j;  average  which  is  about  the  same  level 
of  noise  in  this  period  commonly  observed  in  California. 

Figures  9*2  and  9.3  are  examples  of  the  type  of  spectra 
obtained  at  the  Paterson  Site  (the  second  Slave  Station  in 
Washington) .  Of  particular  interest  is  the  relatively  low  level 
of  noise  between  0,7  and  1.4  cps*  Should  this  pattern  persist 
a  pass  band  filter  could  be  used  to  effectively  reduce  the  noise 
and  pass  frequencies  between  0.7  and  1*4*  (Figure  9*4  is  an 
example  of  the  use  of  such  a  filter) * 
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10 .  Eroiect-ed  Program 

During  the  early  patt  of  1962  the  following  work  is  scheduled s 

(1)  OoGupy  Slave  Station'  sites  as  described  in  Section  2  at  the 
rate  of  about  bne  each  calendar  month.  This  would,  if 
schedules  are  ma'intained,  complete  the  Washington  profile 
about  1  July. 

(2)  work  on  the  synthesis  of  site  noisa  and  signal  information. 

(3)  InGOrporate  into  the  data  results  from  the  long  period 
instrument. 

(4)  use  cross  Spectral  analysis  concepts  and  data  to  study  noise 
source  direction  statistically. 

(5)  Develop  as  far  as  possible  other  uses  for  cross  spectral 
concepts . 
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11.  Einancial  Status 


Total  costs  expended  or  obligated  as  of  31  Decamber 
Total  funds  allotted 
Over-expended  as  of  31  December 


521,100 

503,731 

17,36^ 
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